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(54) Reversible inactijjatlon of thermostable enzymes by using dlcarboxylic acid anhydride and 
use in amplification methods 

(57) The present invention provides a thermostable 
enzyme which is reversibly inactivated by chemical 
modification, characterized in that an incubation of said 
chemically modified thermos able enzyme in an aque- 
ous buffer at alkaline pH all a temperature less than 
about 25°C results in no significant increase in enzyme 
activity in less than about 20 iminutea and wherein incu- 
bation of said chemically mcbified enzyme in an aque- 
ous buffer, formulated to anout pH 3-9 at 25*0. at a 
temperature greater than abiut S0°C results in at least 
a two-fold increase in enzymi \ activity in less than about 
20 minutes. The chemical 
enzyme can be used for tjj 
acids, whereby the activity a 



modified thermostable 
e amplification of -njdeic 
the inactivated enzyme is 
recovered by an incubation a* the reaction mirxire at an 



elevated temperature prior 
cation reaction. 
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Description 

amplifying nucleic acid sequence* and to methods « ™5>" 1 ^ sequen ces is well Known in the art and 



amplification depends 



IS 



20 



tatured target, and the primers are ^^Z^Zec^ to be complementary to. or sub- 
. on the ep^rncity of primer ^^"^^^^LgZcleic acid sequenca 
stantially complementary to. ^J»^°^2 * ™ * J*™^ ^ m only to the intended target sequence. 
Under the elevated temperatures) used » a typtcal ^hep™** "£ m well below the temperature 

However, amplification taction |xmre3are^l ^f^^ns. the primers rnay bind non-spe- 
needed to insure primer hybridation specrftaty. "^J^cS?2w to other primers) and initiate the synthe- 

'discussed further in Chou et al fed* Add^esrcrch Oft 71 M ^ ^ ^ t0 

Ncfl-sp^cWamplification cap roe reouow =y '~ u «'^ ; - 1 -j^L " ^ ^tart" protocol, one or more 
non-target sequences priortothj start ot the reason. ^^^X^Mm0U^ prarida the rteces- 
crrtica^^ 

sary hybridization specificity. In fljiis manner, the ra «"°". m,xt " re carn0t SUPP 

the reaction conditions do not insure specrf IC P n ™J°™^°" e fgaction ^ afWf initial high temperature Incu- 
s Hot-start methods can be carried out manually by V^^^^i ara labor intensive and increase the 
bation step and adding the missjfa reagents. ^'^'2£?3SE Se material, such as wax, to sep- 
risk of contamination of the reason mixture. Hch»»HA^ J* * 8 n « Cnou 6J ^ 1992 . supra . m 

arate or sequester reaction components Stabile material, thereby allowing the reagents 

thesem e thods.ahightemperatuTepre-reactionin C ubat.onmeltsl,8heat.aD«e . 

» to mix. il . . ^^i—nrnduc* from Drimers bound to non-target sequences prior 

Another method of reducing formation ^^^^^TS^o^ which non-covalently binds to 
,o the start of the reaction relies U ,nhtot.on of ^^^^ff the use of antibodies spectfc for 

the DNA polymerase a heat-rev^rs,ble manner US. ] C ^^es^stbeincSa^iththeDNA 

a thermostable DNA polymerase to inhibitthe ^^^^Tm^ order to allow formation of 
polymerase in a buffer at room fl-wiPJ tSSSaZis inactivated by a high temper- 
the antibody-DNA polymerase complex Armbod ^^^j^SSnl antibodies specie to the ONA 

ature pre-reaction '"c^- ^J^S^S^M^ <* W 

polymerase is expensive and trjle-consuming. escecawy m iwge «ua 

a reaction mixture may require Resign of the ^P* 8 ^™"- ^mcn „, a compound which non-covalently 
The formation of extension products can ^^^^^^^^d^ to any sequence, 
binds to the primers in a heat-r'fersible ^J* 6 ^ wi " ** P*™"' 

- r-\ir'~ °i"dmq orotem adaeo to a ^ 



35 



target or otherwise. For 



50 



55 



thereby preventing primer hybrtoatmn ind .nn-onng ^^^^^ ^0. 
using oene 32 protein are described ,n Schwa* et JjJJJ ^SSSSi primers bound to ncn-tar- 
Nw-specificarnplitication can be reduced byoegrading extension^ P^ff § p No 5 419iU9 an d 

get sequences prior »tnesta*Uere« 

in WO 92/01 31 4. The degradatf in ot n ^^"^T*^^.*l ^rfure at^S-SC^C prior to carrying out the amplification reac- 
tion mixture dUTP and UNO. anj incubating thereaewn ^ ^ with , h e formation of 
ton. A disadvantage of this nfhod ,s that ^^mS^SSSm to be less complete, 
extension product and the tfrtUjn «™^J^JZ^£^ acid chemistry, which are withir , th e 
Conventional techniques ofjmolecuiar b.ology. protein^ diemstry. ar» ^ Laboratory Manual. Cold 
*■ of the art, are fully explain^ in the ^^^^JT^^R^ Synthesis (M J. Gait. 
Spring Harbor laboratory. C^^^J^^^S'Ii" ,984) Chemical Reagents for Prown Mcd- 
ed.. 1984); Nucleic Acid Hybritfkaton (8.0. Hames and ^"^JJ^JL''^ x A „ patents, patent applications. 

solution to the problem ot nonrkpewc ampl.ftfe.on. The metnoos use 
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which can be reactivated by. intubation in the amplification reaction mixture at an elevated temperatura Non-specific 
amplification is greatly reduced because the reaction mixture does not support primer extension until the temperature 
of the reaction mixture has be&i elevated to a temperature which insures primer hybridization specificity. 

One aspect of the presentjUention relates to reverstory inactivated thermostable enzymes which are produced by 
a reaction between a thermosfeble enzyme which catalyzes a primer extension reaction and a modifier reagent The 
reaction results in asignificaitilpreferabiy essentially complete, reduction in enzyme activity. Incubation of the modified 
enzyme in an aqueous buffer pk alkaline pH at a temperature which is less than about 25*C results in essentially no 
increase in enzyme activity in toss than about 20 minutes. Incubation of the modified enzyme in an aqueous buffer, for- 
mulated to pH 8-9 at 25 8 C. atlatemperature greater than about 50°C results in at least a two-fold increase in primer 
extension activity in less than About 20 minutes. The rewercibly inactivated thermostable enzymes of the invention, in 
their active state, either cataiy|e prima extension or are necessary for primer extension to occur Preferred enzymes 
include thermostable DNA polymerases and ligases. 

Preferred modifier reagenijs are dicarbaxyilc acid anhydrides of the general formula: 



wnere R, and R 2 are hydrogehor organicradicals. which may beBnked. or ofths generaHormula: 



25 



30 



15 



no 



H H 



so 



where R, and R 2 are organic radicals, which may be linked, and the hydrogen are cis. The organic radical may he 
directly attached to the ring t§ a carbavcarbon bond or through a earbon-hereoatom bond, such as a carbon-oxygen, 
carbon-nitrogen, or carbon -sulphur bond. The organic radicals may also be linked to each other to form a ring structure 
as in, for example. 3A5.6-tetratydrophthalic anhydride. . 

Preferred reagents indue e maleic anhydride: substituted maleic anhydrides such as citracomc anhydride, ds-aco- 
nitic anhydride, and 2.3-dlmei hyimaleic anhydride: sxo<is-3.5-erdoxo-A*-t9trariydropthalicanhydnde: and 3.4,5.6-tet- 
rahydrophthalic anhydride, i n particular, citraconic anhydride and ds-acortSc anhydr.de are preferred tor the 
preparation of revereibly inactivated DNA polymerases for use in PGR amplifications. 

Another aspect of the present invention relates to methods for carrying out a nucleic add amplification reaction 
using a rwersibly-inactrvatecjthermostafile enzyme of the present invention. The present invention provides methods 
for the amplification of a target nucleic add contained in a sample comprising the steps of: 

(a) contacting the-sampfe with an amplification reaction mixture containing a primer complementary to the target 
nucleic acid and a modified thermostable enzyme, wherein the modified thermostable enzyme is produced by a 
reaction of a mixture dfabiermostable enzyme which catalyzes a primer extension reaction and a modifier reagent, 
wherein the reaction is ofrried out at alkaline pH at a temperature which is less than about 25°C. wherein the reac- 
tion results in a cherrfcl modification of the enzyme which results in essentially complete inactivatlon of ^enzyme 
activity, and wherein inelbation of the modified enzyme in an aqueous buffer, formulated to pH 8-9 at 25 c, at a 
temperature greater thai* about 50'C results in at least a two-fold increase in enzyme activity in less than about 20 

S^i-ng the resulting mixture of step (a) at a temperature which is greater than about 50»C for a time sufficient 
to reactivate the enzymi and allow formation of primer extension products. 



55 As a preferred method 
tained in a sample, compris! 



(a) contacting the sample 
nucleic acid and a rriodfied 



§he present invention provides a method for the amplification of a target nudeic acid con- 



with an amplification reaction mixture containing a primer complementary to the target 
thermostable enzyme, wherein the modified thermostable enzyme is produced by a 
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reaction at a mixture of a the 



EP 0 771 370 A1 

Imostable enzyme and a dicarboxylic add armydride of the general formula: 



where R, and R 2 are hydrogin or organic 



so 



0 

radicals, which may be linked, or of the general formula: 
0 



\\ . . „..„a. h.«im nf .n.3re.cis,_wfi8reiri the reaction results 

where R, and R 2 are orgahfa radicals, wnicn may w... » 

in essentially complete inaction of enzyme activity: "~ _ Brthan-90U , so .c for a time sufficient 

(b) incubating We resulting qW* of step (a) at ^P^*^****" ™° " B0W _ ^ _ 
!o reaXate the enzyme an| allow formal of primer extens.cn products. 

Praerredemhodlmentsoime^^^^^ 
gents. In some embodiments of |e .nvention. the .ncuoaton step _*ep ^ ^enr/me is an integral step m 

r8^W«a<*ated«ietrnostaiM ONApotwasa;. .«»• ' „ me tmplXcatipn ratcron. 

Thus. «• ONA poynwase is jvilivalsl unW , 

WmoaaM «wr,e d fte pJw *T^ s ^S°p7™* many* out a PCR. 

t ~%x~rjtt£~«*<*. .* *— 

nylated and cis-aconitylated Dt& polymerases as described in EwnpleiO. 

To aid in understanding the! nveraicn. several ^^f^^^ 0 , igomer fragments to be detected, and 
Theterms'rwdeicacid'-anW D . 
shall be generic to P o.ydeoxy|»nudeotides (omm "J^JJi £JfforSrfn^ base, or modified 
ribose). and to any other type § P 0 ^"* 6 ^*™ IS^een /e terms 'nucleic acid' and "oligonud* 
purine or pyrimWine base. T*en| is no intended d.s notion .n ^ ^primary nocture of the molecule. 

and these terms will be W"?*"***?^ Z^S£ and single-stranded RNA. Oligonude- 
Thus. these terms include doub e- and ^ * £ methcds is provided in Goodchild. 1990. B.ocon- 
ot.de can be prepared by any s Jtable method. A rav.ew of symhess metnoas pro 

iugate Chemistry 1(3) :i6S.i87 , single-stranded nudeic acids due to com- 

The term -hybridization" reters the formation ot a aupiex sow..-. * 7 
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£5 w oSonudec^ « n ^t ^compass the -^J^^Si * an adjacent p-JJ 
'id herein, the term Jj| ■ Qn „ a second <ft» 'J*£^Kol*»*» < ^^JS? r£ 

tecifitates cloning of the a ^t^ e hybrid izing region. subsequence ol a nudec ac.d which 

is referred to ^K^ijid* «*T refers to a reg-onj » ■*« 

suffering an ^S& a™' thermostable ligases. ^ to he at and atdy** *■ 

Ude * e ^ ,e ^fSTmerasa- refers to an : « complementary to^ w-« 

The term ^ermo^abiel form prime r extension P"^""* „ 0 , W9 primer and procew 
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Of the modifier compound need 
results in removal of the modifier 
ibly inactivated 
to The term "reaction mixture 



I rt «0ssarv to carry out a given reaction An 
• L« to a solution containing reagents n ^ K * * 1 tncarrVO utan amplification 

The term "reaction mwwrelMere toj ^ u *° containing reagents necessary to *pCR reac 

-am^cation reaction nMrf. polymerase or ngaseir , a .** AFCR J* 

reaction, typically contains °"9 0 ^ a thermostable DNA polymerase. dhTTPs. and £Qia 

tan mixture" typically « complete if it contains ; H ^^^Xone^f «» 

cation in a suitable buff er A of the necessary reagents. ^^J^ £ me total 

s=s3s-- — -!=sssssss 

"»in»'H*ri.orm»S»M^f we logins ol W» ollsonucleolida. Hybndlz. .0 

92/09689: and US. Patent NcM s.aiiwwo. s ^ 
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be able to optimize the mention -cyme is carried out by revers- 

tne guidance herein. . ra , er£ ible inacfivaSon d a * erm f^^^; es idueB, Modification d the 

^preferred embodiments h^S^^^^^X^^ noi ^^ 



"Tp^en^^ents^^ 
Mebloclongdlysineresidu^ 

the active region may comnbutt * bed in ^ literature wroch ««twnn ^ Qouaenjer and Artta* 90 - 19 ~" 
A number d compounds "^"^eSjly modified by «ta«^^S5). maleylation (see But- 

Preferred reagents for the jfnerrm-a 
,s drides.d the general term** 



25 




whereRl and H 2 are hydrogen or 



organic radicals, which may 



be linked, or of the general formula: 
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40 




!j ds or g a nic radical may be 

carton^itrcgen, or ^^phu^. ? . eofrespo nding acylated produce. 

2*. for example. ^"fe^S^ **» * "T^ fiS^"^"" * 

Oicarboxylic add ^ , a «* ^ reverSi bifity d the «^*J*2 '^gens. which maimers the 
as **. for citraconic -Wj^JJ; ^ukM* double ^.^^Jon with the amide gnu 
be enhanced by the ^1^7^ in a spatial for descriptions d plaus.de 

terminal carboxyi g™P <* % acy 8t a i 1S90. Mol. Cell. Biochem- ffi.*oy ^ ™ 

^subsequent ^jES^ * m-hfl * * 

mechanisms for both the *KSwd ' duCl< and such compounds are expect 

Mbond of theacyl moiety .0 the acylated proa g ^ ^ ^ c 

J.epresentinverrfion. A reaflente incl ude rr^^^ ^ 
, Examples of the preferred reagents ' nc lmaleic anhydride; «^®2S from, tor example. AWnch 
anhydride, eis-aconitic anhydride. ni ^J fe tfe commercially JL 'q^ tG ardena. CA). 

Modifications of tanMlJ . ONApW s jn ^ tto-nB-JJ 

and eis-aconitic anhydride a p descrioeo tpe reagems 5 , 6 .t8trahydropmnalic 

and ?he relative stabilities \*^Jg!£&* ^ fide; ^l^ sup'ra • Optimal activation 

maieic ahhydhde; ^thfc"^ ^* » describ * ** 

anhydride; cis-aconite anhyflnce. a ™\ _ pa njcular reagent are determine 

Saton conditions for enfymes modtod wft ^ ^ 
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(1) reaction with a tnermosraDie _ _ _ A _ 



25 



30 



aboutroomte^perarure (rtC) results v ,^ onf ^ m ^. formated to about 

Lctivaiionotthee^mecsnbpdatarm.nedbycarrymg 
», the inaaMOT "I m»n»*« . . lsnela |. 

■ -sss.— 4— ssat-rSSs: 

ss of.theamplHtcationreact.on.TJeh.ghte^erature tem3flrature and a concomitant 

of enzyme activity. |i results from both the increase « ^Jr™ _ rt of 8 . 0 to 9.0 at 

Tha deacylation of the moiAed am. ra |n a Tfis . HC1 butfer formulated » a pH 0 8 

decrease in P H. ^f'^X^S^^ *■* conditi ° nS ^ * * 
room temperature. At room tempera k ue. to 
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group. Although the pH of J reaction buffer is adjusted to a pH of S.O to 9.0 at room temperature, the pH of a Tris-HCI 
reaction buffer decreases with increasing temperature. Thus, the pH of the reaction buffer Is decreased at the elevated 
temperatures at which tha«i9plffiaiiori is carried out and. in particular, at which the activating incubation s earned out. 
The decrease in pH of the rfilkction buffer favors deacylation of the amino groups, 
j The change in pH wbiclf occurs resulting from the high temperature reaction conditions depends on the buffer 
used The temperature dependence of pH f r various buffers used in biological reactions '8 reported ■«J^**« 
1966, Biochemistry S(2):4tfW ForTris buffers, the change in pKa. i.e.. the pHattherrudpoint -IMag^M* 
^mSiSZi^JL follows: A P Ka/-C = -0.031 . F» example, a Tris-HCI buffer assembled at 25-C under- 
aaes a drop in pKa of 2.17 when raised to 9S»C for the activating incubation. 

.0 AlftoiampWcato^ 

out in buffers which exhibit ^smaller or greater change of pH with temperature. Depending on tt» buffer used a more 
or less stable rn«lified er«ylie rr«y be desirable. 

modified enzyme allows forfecovery of sufficient enzyme activity under smaller changes of buffer pH. An i mpmd 
comparison of the relative stjbifities of enzymes modified with various reagents, as provided above. guides selection of 

is a modifled enzymo suitable ffir use in particular buffers, : JL _ „ .„« . 

In the methods of the present invention, activation of the modified enzyme is achieved by an mcubatjon earned out 
at a temperature which is e&al to or higher than the primer hybridization (annealing) temperature used m the amplrh- 
cation reaction to insure arralrfication specificity. The length of incubation required to recover enzyme activity depends 
on the temperature and pHfpf the reaction mixture and on the stability of the acylated amino groups of the enzyme. 

ditonsVrVusIbie: optimal conditions are determined empirically for each reaction. In general, an incubawnis earned 
out in the amplification reac&n buffer at a temperature greater than about 50»C for between about 1 0 sacorxfe ad about 
20 rmniitesrOrrtrnizationdlncubatiQn conditions for^* 

tures not exemplified, can be determined by routine experimentation following the guidance P^edrierarv 

In a preferred embodiment a PCR amplification is carried out using a reversibly inactivated thermostable DNA 
polymerase The annealinglUperature used in a PCR amplification typically is about 55-75'C arc I the prweart on 
incubation is carried out at \ temperature equal to or higher than the annealing temperature, preferably a temperature 
greater than about 90 9 C. Tffe amplification reaction mixture preferably is incubated at about 90-100'C for up to about 
12 minutes to reactivate thajONA polymerase prior to the temperature cycling. Suitable pre-reaction incubation cond,- 
Hons for typical PCR ampliations are described in the Examples, along with the effect on amplification of varying the 

pre-reaction incubation conditions. , 

The first step in a typical PCR amplification consists of heatdenaturation of the double-stranded target rufwaol 
The exact conditions required tor denaturation of the sample nucleic acid depends on the length and composition of trie 
sample nucleic acid. Typically, an incubation at S0-1 OO'C for about 1 0 seconds up to about 4 minutes is effective to fully 
3S denature the sample nudeii acid. The initial denaturation step can serve as the pre-reacaon incubation to reactivate 
the DNA polymerase. However, depending on the length and temperature of the initial denaturation step, and on tne 
modifier used to inactivate {he DNA polymerase, recovery of the ONA polymerase activity may be incomplete. If mam- 
mal recovery of enzyme activity is desired, the pra-reaction incubation may be extended or, alternatively, the number of 

amplification cycles can bellncreased. 

40 In a preferred embodiment of the invention. tf» modified enzyme and initial denaturaton conditions are chosen 
such that only a fraction of 'the recoverable enzyme activity is recovered during the initial incubation step. Subsequent 
cycles of a PCR. which eajch involve a high-temperature denaturation step, result in further recovery of the enzyme 
activity. Thus, activation of Enzyme activity is delayed over the initial cycling of the amplification. This time release ot 
DNA polymerase activity hat been observed to further decrease non-specific amplification. It is known that an excess 
45 of DNA polymerase conthbsrtes to non-specific amplification, in the present methods, the amount of ONA polymerase 
activity present is low during the initial stages of the amplification when the number of target sequences is low, wmcn 
reduces the amount of nonspecific extension products formed. Maximal DNA polymerase activity is present during the 
later stages of the amplication when the number of target sequences is high, and which enables high aWA»on 
yields. If necessary, the nuUnber of amplification cycles can be increased to compensate for the lower amount ot una 

7 I. -~ ^iu:.^i u «i ^mrtlifirafiArl AVfilP number 5 



25 



30 



so polymerase activity present 
shown in the Examples. 



in the initial cycles. TTie effect on amplification of varying the amplification cycle number is 



An advantage of the rr! stnods of the present invention is that the methods require no manipulation of the reaction 
mixture following the initial preparation of the reaction mixture. Thus, the methods are ideal lor use in automated ampli- 
fication systems and with jn-situ amplification methods, wherein the addition of reagents after the initial denaturation 
ss step or the use of wax barners is inconvenient or impractical. 

The methods of the pfesent invention are particularly suitable for the reduction of non-specific amplification m a 
PCR However, the invention is not restricted » any particular amplification system. The reverstoly-inatfvated enzymes 
of the present invention aft be used in any primer-based amplification system which uses thermostable enzymes and 
relies on reaction temperature to achieve amplification specificity. The present methods can oe applied to isothermal 
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. „.„ at -„ elevated temperature is 

amp^onsy^^^^^ 

Other amplification methods. Ji 
include. but^notHr^^^ 

and Barany, WW. Proc ^^^JSL^ No. WO 90/0« gf^JEJffi'it * 

«om systems ™yben«M opinion in Biotechnology $4i-*7. ^ ,„ tne art (Bea for example. 

Abramson and Myers, iSJMf* ^ amp ,rficatlon reaction \ im J e rapid meth- 

fnd that the J^SS^ -he JraSa«on of probe wHch occur* constant wrth arnica 

T^^describeimprovedmedodsfordetecng. 

'Bliplllies 

T?e presant invention alsoW to *J"^£IS enzyme and one or more reaoen* for « 



30 



SO 



ss 



gyamoleJ. 

Pn ^grasQA ^itv/ Assay 



herein by reference. 



10 



16. AUG. 1999 13=24 BMG PATENTABT RE 



NR. 125 P. 12/25 



EP0771 870A1 



One unit of enzyme actfvi is defined as the amount that will incorporate 10 nmoles of dNTP's into acid insoluble 
material per 30 minutes in a 10 minute incubation at 7a°C. Because of the lability of the modified enzymes, activities 
were measured at 50°C and normalized to a standard "&q DNA polymerase solution that had also been assayed at 
74°C. Reactions were carried c ut in a 50 ul volume containing the following reagents: 

25 mM TAPS (TrisKhydroS^ethy^^ acid, sodium salt), pH 9.3 (at room tempera. 



ture); 



50 mM KG; 
2 mM MgC1 2 ; 
1 mM p-mercaptoethanol:l 
200 uM each of dATP f dGl 
100 )iM [o- 32 P]-dCTP (0, 
activated salmon sperm 



is Example 2 



Citraconvlatin n rrf Tag DNA P9 vmerasa 



P, anddTTP; 
3-0.1 Ci/nmoie); 
MA. 



.m 
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This example describes trie modification of Taq DNApolymerase using citraconic anhydride. Measurements of the 
, a p«vitv.rfjhe.ritracnndated^ indicate the m olar ratio of modifier to enzyme in the inactive- 

ton reaction required to obtain complete inactivation of the DNA polymerase activity are described in Example 3, below. 

Taq DNA polymerase (AmpHTaq®. Perkin amer. Norwalk CT) was used at an initial concentration of 1 3 mg/ml. n 
the initial experiments, me t|,=DNA polymerases 

sodium borate at pH 3.63. This step was found to not be critical and in later experiments. Taq DNA polymerase was 
used in a Tris buffer (SO mM Tns-HCI. 1 mM EDTA. 6S mM KCI. pH 7.5) directly without dialysis against sodium borate. 

Citraconic anhydride (11 .06 M) is commercially available (Aldrich. Milwaukee, WI). A starting solution of crtraccnic 
anhydride was created by diluting 11.06M citraconic anhydride 100-fold in DMF (N.N dimethyl formamide). 

For one set of modification reactions, a dilution series of the citraconic anhydride solution was created by repeated 
2-fold dilutions in OMR For eafeh solution in the series. 4 ul of diluted cfoaconic anhydride solution were added to «0 
ul Taq DNA polymerase solution (with sodium borate dialysis), resulting in solutions containing molar ratios of crtracanic 
anhydride to Taq DNA polymerase of approximately 80/1 . 40/1 . 20/1 , and i 0/1 . Solutions were incubated overnight at 
VC to inactivate the Taq DM polymerase. As used herein, an enzyme which has been modified m a reaction with an 
N-fold molar excess of modif er is referred to as an NX enzyme. Thus, the resulting citraconylated Taq DNA polymer- 
ases are' referred to herein asfeox, 40X. 20X, and 10X Taq DNA polymerases. 

Additional modification reactions were carried out using approximately 80X, 160X. and 24QX molar ratios of atra- 
conic anhydride to Taq DNA&lymerase (without sodium borate dialysis). The 160X ana 240X rajs were created by 
suitable adjustment of the string dilution of the 1 1 .06 M citraconic anhydride in DMF (N.N dimethyl formam.de). »r 
example, for a final 160X ratio! 11.06 M citraconic anhydride was diluted 1/S0 in DMF, and 4ul of theresu tingcitracon.c 
anhydride starting solution wire added to «0 ul Taq DNA polymerase solution. The resulting citraconylated Taq DNA 
polymerases are referred to |erein as 240X, 160X, and 60X Taq DNA polymerases. 

gemote 3 J 

Inactivation and Haat Recove ry nf DNA PolvmaraeB Activity usinci Citraconic AnhVdrKte 

This example describes^ activity measurements of the citraconylated Taq DNA polymerases of Example 2 both 
before and after re-actrvatJonlbf citraconylated Taq DNA polymerase by heat incubation. The effect of pH on the amount 
of activity recovered following" heat reactivation of the citraconylated Taq DNA polymerases was measured. 

Samples of cltraconyiat$J Taq DNA polymerase were diluted 1/200 in a buffer consisting of 10 mM Tris-HCI. ioo 
mM KCI. 2 mM MgCk 0.5% Tween 20, 0.5% NP-40. 16% glycerol. The buffer pH was 8.25 at room temperature. 
Diluted samples of dtrararXed Taq DNA polymerase were incubated at 90»C for 20 minutes or ma.nta.ned at room 
temperature as a control. Rowing treatment, samples were diluted 1/S in enzyme dilution buffer (25 mM Tris-HCI. sO 
mM KCI. 1 mM Q-mercaptc|hanol. 0.5% Tween'" 20. 0.5% NP-W. 0.1% gelatine) and the activity was assayed as 
described in Example 1 . The ON A polymerase activities following treatment are shown below. The molar ratio refers » 
the molar ratio of citraconiclnriydride to Taq DNA polymerase used in the modification reaction. Each of the activities 
is the average two activities measured from duplicate samples. 
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10 



TS 



motar -ratio 


Activity (% of control) 




unhealed 


90°C incubation 


Control 


100 




eox 


0 


16 


40X 


0 


28 


20X 


3.7 


38 


10X 


38 


63 



Complete inactivation of !Tab DNA polymerase was obtained using greater than 20-fold molar excesses of citra- 
conic anhydride, fallowing incuoation of the completely inactivated Taq ON A polymerase at 90°C for 20 minutes, a min- 
imum of 16% of the activity ^[recovered. 

Although more enzyme activity was recovered using the 40X dtraconylated Taq ONA polymerase than using the 
-8GX-Cufaeuny1aied~TaqON^^ 

polymerase In a commercial kitjjo allow greater manufacturing tolerances. 

Similar experiments were gamed out using a buffer adjusted to pH 775 at room temperature. The results are 

shown below. ~ ' 



25 



20 



25 



molar ratio 


Activity (% of control) 




unhealed 


90°C Incubation 


Control 


100 




SOX 


0 


61 


40X 


0 


67 


20X 


3.5 


70 


10X 


35 


77 



40 



4S 



50 



55 



The amount of DNA polymf rase 
The activities of the 80X iarm 

and after reactivation by heat; 

at room temperature. The resu 

duplicate samples. 



incubation 

<5 



activity recovered was greater at lower pH. 
160X Taq DNA polymerases (without sodium borate dialysis) were measured before 
essentially as described above. The buffer pH used for the incubations was 8.0 
are shown below. Each of the activities is the average two activities measured from 



molar ratio 


Activity (% of control) 




unhealed 


90°C incubation 


Control 


100 




160X 


0 


19 


80X 


0 


29 



The effect of pH on reactivation can be seen further by comparing the activity recovered using the 80X Taq ONA 
polymerases from the three reactivations at different pH. The above data indicate enzyme activity is recovered even 
when a high molar excess of midifier is used in the modification reaction. 
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This example describes 
in PCR amplifications. 

PCR Protocol 



Amplifications were 
described in Example 2. DiHij 
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e use of the dtraconylated Tag thermostable DNA polymerase described In Example 2 



! sd out using 1/20,1/40, and 1/80 cflutrons of the 240X modified Tkq ONA polymerase 
I ons were made in a buffer consisting of 20 mM Tris-HCL pH 8.0 (at room temperature), 
100 mM KCI, 0.1 mM EOTA (e Jiylenediaminetetraacetic acid), 1 mM DTT (dithiothreitof), 50% glycerol, 0.5% Tween 20. 
0.5% Nonidet P40 (AmpiiTadP borage buffer. Perkin Bmer, Norwalk. CT). For comparison, amplifications also were 
carried out using 1/10> 1/20,1/40, and 1/80 dilutions of unmodified Taq ONA polymerase. 

A cloned HTLV-I genomic sequence was amplified using primers SK432 and SK111. The primer sequences are 
provided in U,S. Patent No, 5^18.149-. incorporated herein by reference. The PCR was carried out in a 100 til reaction 
volume under the following reaction conditions. 



3<? 



Reaction Mixture: 

30 copies of HTLV-I ONA template 
lOmMTris.pHa.3 _ I = 
50" mM KCI " t~ " 

0.5 jiM of each primer 
200 nM dATP, dCTP, and dCaTP 
400 ^M dUTP |{ 

0 S uJ of citraconylated T^q DNA polymerase solution 
2.5 mM MgCI 2 

1 ng hpDNA 

1 unit of UNG (Perkin Elqier, Norwalk. CT) 
Thermal cycling profile: 



35 



40 



<5 



50 



Pre-reaction incubation: (90°C for 10 minutes) 


2 Cycles 
38 Cycles 
Final incubation: 


Denature 
Anneal/extend 
Denature 
Anneal/extend 


98°C for 1 minute 
60*Cfor2 minute 
94°C for 1 minute 
60°C for i minute 
60*C for 7 minutes 



(OB 



The amplified products 
boric acid. 0.0025 M disodlu] 
hours. Ethidium bromide 
destainedin 1XTBE and th< 

Results 



55 



iere analyzed by 4% agarose gel electrophoresis using a 1 X TBE (0.089 M TMs. 0.089 M 
EOTA) running buffer. Electrophoresis was carried out at 100 volts for approximately 2 
ug/mi) was added following electrophoresis to stain any DNA present The gel was 
ethidium bromide-stained bands of ONA were visualized using UV irradiation. 



we 

jn 

Js 



The results are present! 
aopearing on the gel other 
ucts generated by the non 
nylated Taq ONA polymei 
each of trie lanes. Becaus] 



in Figure 2. The band corresporcfing to the amplified target sequence is indicated. Bands 
in the band which corresponds to the amplified target sequence correspond to the prod- 
lecific amplification of non-target sequences. The effect of amplification using the citraco- 
(labeled Taq, HS) can be seen by comparing the banding pattern and intensity within 
the amplification of non-specific products competes with amplification of the target 
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sequence, an increase in amplify 
ctfic amplification. Hence, change 
reaction treatments on 

Amplifications using unmodf 
The use of dtracanylated Taq ON 
ing to the amplified target seqi 
crfic amplification products. The 
significantly reduces non-spedfi 
sequence. 

Example 5 
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in of the target sequence further indicates the amount of the reduction in non-spe- 
tn the relative amount of products within each lane best indicates the effect of a pre- 
amplification. - 

Taq DNA polymerase resulted In predominantly non-specific amplification product, 
polymerase resulted in a significant increase in the intensity of the band correspond- 
and a significant decrease in the intensity of the bands corresponding to non-spe- 
indicate that PGR amplification using a reversibly-inactivated DMA polymerase 
amplification ana significantly increases the amount of desired amplified target 



| s DNA polymerases 



This example described the bitraconylation of several other thermostable DNA polymerases In addition to the *faq 
DNA polymerase described above. The following thermostable ONA polymerases were modified; 

1) a thermostable ONA polymerase from Thermus therrnophilus (rTth. PerWn Elmer. Norwaik CT), as described in 
WO 91/09950, incorporated |erein by reference , _ _. . 

2) a mutant thermostableD^A polymerase from Thermatoga maritima (LIITma™, PerWn Elmer, Norwaik CT), as 
described in WO 92/03556. incorporated herein by reference. 

3) a mutant form of.thermospble DNA polymerase from jniermus aquaticus which lacks 3' to 5* exonuclease, active 
ity as described in WO 92/0^00. incorporated herein oy reference. This enzyme is referred to herein as Taq CS or 



AmpliTaq^CS. 



For each of the above three (DNA polymerases, a initial solution '/as prepared at a approximate concentration of 
200 units/iil. For comparison,; 113 mg/mi Taq DNA polymerase, as used in the previous examples. Is approximately 
equivalent to 250 unrts/d. Each of the DNA polymerases was modified essentially as described in Example 2. above. 
Ten ii\ of crtraconic anhydride were diluted in 500 ul of DMR Then, 10 ul of diluted citraconic anhydride were combined 
with 1 000 ul of each of the enzyme solutions. The resulting solutions were incubated overnight at 4°C- 



Example 6 



P QP Amplification using Chracojiylated DNA Polymerases 



4Q 



45 



This example describes the jjse of the eitraccnytatsd thermostable DNA polymerases described in Examples 2 and 
5 in PCR amplifications. 

PCR Protocol 

Amplifications were carried nut using dilutions of modified ONA polymerases. Dilutions were made in a buffer con- 
sisting of 20 mM Tris-HCI. pH 8.6 (at room temperature). 1 00 mM KCI, 0.1 mM EDTA (ethylenedlaminetetraacetic acid), 
1 mM DTT (drthiothreitol).S0% j ycerol. 0.5% Tween" 20. 6.5% Ncnidet P40 (AmpiiTaq® storage buffer,. Perkin Elmer, 
Norwaik CT). 

An HIV-1 genomic sequence was amplified using primers SK145 and SK431 (Perkin Elmer, Norwaik, CT). The 
primers SK 145 and SK 431 areMescribed in U.S. Patent No. 5,461.149 and in the following scientific publications: SK 
145 is described in Kwok at aL.j!l990. Nucleic Acids Ses. l& 999-1005; SK 431 is described in Jackson et al.. 1991, 
AIDS J; 1463-1467. The PCR was carried out in a 1C0 ul reaction volume under the following reaction conditions. 

so Reaction Mixture: 

100 copies of HIV-1 DNAtqpplate 
lOmMTris, pH 8.3 
50 mM KG 
55 0.5 jiM Of each primer 

200 uM dATP, dCTP, and dSTP 
400uMdUTP , ■ 

0.5 ul of DNA polymerase solution 
2.5 mM MgCI 2 \\ 
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1 unit ot UNQ (Per** Bflj* . Norwalk, CD 
Thermal cycling profile: 



1 38 Cycles 
Final incubation'. 



Denature 
Anneal/extend 



94*C for 1 minute 
60°Cfor 1 minute 
S0°C tor 7 minutes 



,5 i ^ An inHial denaturation step is routinely 

phoresis to stain ay ONA pr esent The gei *» 
visualized using UV irradiaton. 



JO 



35 



40 



Tomato*!****'*™* „ ^inExampleSandthe^X 

amtfM P^ ucts ^SafDNApSymerase. h fimBffliedtargst sequence is indicated. Bands 

usingdilutionsotunrr^^ 

The results are presented m Rgure a. > ^ s ^ me amrjlified target seo ^^ . jng a atraco- 

.nangeintheretative amoun ot products w*n, afnplifi catior, product 

specific ampiificanon J NA olyrneraS e resulted in P r * 0 ™*™ ™, J^nse band corresponds 

Arnp^cationsu^gunn^J^ 

tor dilution levels of enzyr"^^,, h ^ t , n8 ^ dilution, and a s«gntfcan ^JJJJon using a reversiWy-nacfl- 
. the ampWled target w^ u " ^ data indicate that PCR ^l^inaeaU the amount ct 
s spending to '^^J^SS^Sm non-specific amplication and s.gn*cantly 

vated ONA polymerase signrf«arrfly reo fon ^ ^ 

desired ampWed target **j¥»£ cs and rTt h ONA polymerases ^ 0 M f o u 0 J?!! a tf long with the concord- 

it should be noted thai although the esu.« rTth QNA p0 , yrn arase9 awn° DartC u!ar, although 

obtain using the ^KJ^^ 

because the modrtteat.on cordons ' ^ un its/mt. tne molarrty ot the . ^ Cne 0 f sWIl 
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This example describes the modification of T*q DNA polymerase using cfc-aconitic anhydride. 
Modification using ds*aconit|p anhydride was carried out essentially as described in Example 2. differing mainly 
because ds-aconhic anhydride isipoid as a powder and out as a liquid. T&q DNA polymerase (AmpliTaq®, Perkin Elmer. 
Norwalk CT) in a Ttis buffer (50 mW Tris-HCI, 1 mM SDTA. 58 mM HCI, pH 7.5) was used at a starling concentration of 
1 .3 mg/ml. A starting solution of qjs-aconitic anhydride (AUrich. Milwaukee. Wl) was created by dissolving 20 mg of ds- 
aconitic anhydride in 1 nil 100% EtOH. 

Either 10 or 20 \i\ of cis-aconitic anhydride solution were added to 1 000 nl Taq DNA polymerase solution, resulting 
in solutions containing molar ratifis of cis-aconitic anhydride to 7£q DNA polymerase of approximately 90/1 and 180/1. 
Solutions were incubated overpigfit at 4°C to inactivate the Tfcq ONA polymerase. 

Comparisons of ampiiftcatlohs using the ds-accnitylated Taq DNA polymerase and amplifications using citraco- 
i3 nytated T&q DNA polymerase sui described below. 

Examples 

Inactivation and Heat Recovery jrf D MA Polymerase Activity using ^Aconitic Anhydride 



20 



2S 



30 



55 



40 



The activities of the 90X and 
before and after reactivation by tj 



1 30X cis-aconitylated Taq DNA polymerases prepared in Example 7 were measured 
sat incubation essentially as described in Example 3. above. The buffer pH during tne 
incubations waTs.0. The resiilt|are shown below. Each of the activities is the average two activities measured from 
duplicate samples. 



molar ratio 


Activity (% of control) 




unhealed 


9Q°C incubation 


Control 


100 




180X 


0 


50 


90X 


3 


118 



4S 



€0 



55 



I 

A comparison of the results With those of Example 3 indicate mat ds-aconitylation is more easily reversed than c;t- 
raconylation. A higher molar exJess of cis-aconitic anhydride is needed to completely inactivate the DNA polymerase 
and more activity is recovered Allowing a high temperature incubation. The reason for the activity measurement of 
greater than 100% following mcttification with a go-fold mclar excess of cis-aconitic anhydride followed by heat reacti- 
vation is unknown, but may bemused by imprecision in tne activity assay or may reflect an actual modification of the 
DNA polymerase. 

Example 9 

Ffftect of Prfrfleaction fncubatidh Time 



This example describes the 
Amplifications were carrieq 
described abova For each set 



effect of the pre-reaction incubation time on the amount of product obtained, 
out using the citraconylated and cls-aconityiated Taq DNA polymerases prepared as 
hf amplification conditions, Taq DNA polymerases modified using a fiO-fold and a 160- 
fold motar excess of citaconic anhydride, and a 90-foid and a 1 80-fold molar excess of cis-aconitic anhydride were used. 
Amplifications were carried out Using the H|V-t model system described to Example 6, above, except that the initial pre- 
reaction incubation was varledJf or each enzyme preparation, amplifications were carried out using pre-reaction mcu- 
bationsof 12.6,3.arKl0minirfes. 

As noted above, the pre-re&ction incubation step also serves as the initial denaturation step. Each cycle of a pch 
begins with a denaturation sted immediately following the initial pre-reaction incubation carried out at 95 a C for 12. 6, 3. 
or 0 minutes, each reaction mwctur is incubated at 9*»C for 1 minute during the denaturation step of the first cycle. 
Thus, even when no pre-reaeti<l}i incubation was used, enzyme activity is recovered during the denaturation step of the 
initial cydes. 
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The amplication product* > were analysed by agarose gei electrophoresis. The results ar presented in Figure 4. 
The band corresponding to the amplified target sequence is indicated. Bands appearing on the gel other than the band 
which corresponds to the amp Hied target sequence correspond to the products generated by the non-specific amplifi- 
cation of non-target sequence l 

The results show that usij g cte-acenjtytated ON A polymerase, afl pre-reaction incubation times resulted in a strong 
band corresponding to ampjifij d product Amplifications carried cut without a pre-reaction incubation resulted in nearly 
as much product as the amptij cations using a extended pre-reaction incubations. 

In contrast the results she w that using citraconyiated ON A polymerase, a pre-reaction incubation of at least 3 min- 
utes was required to obtain the maximum amount of amplified product Amplifications carried out without a pre-reaction 
incubation resulted in signific intly less amplified product The results indicate that activity erf cis-aconitylated DNA 
polymerases is recovered moj e rapidly than for citraconyiated DNA polymerases. 



is Effect of Cvde Number | 

This epeample describes t te effect of the increasing the amplification cycle number to compensate for a short pre- 
reaction incubation time. 

ArnpRRcations were carried out using the Taq ON A polymerases modified using a 30-fold and a 160-fold molar 

ZO weeSSefCnmwicani^ 

were carried out essentially a& described above using the HlV-i model system described in Example 6, except that the 
initial pre-reaction incubation! ind cycle numbers were varied F or each enzy me prepar ation, amplifications were car- 



ried out using the following conditions: 



25 



20 



3$ 



40 
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pre-reaction incubation 


amplification cycles 


12 minute. 80C 


60 


0 


60 


0 


48 


0 


43 


0 


39 



The amplification produces 
The results show that ii 
resulting from the i 

For each DNA polymerase, 
The effect was smallest whe| 
little if any pre-reaction i 



were analyzed by agarose gel electrophoresis. The results are presented in Figure 5. 
the amplification c/cle number can compensate for the loss of amplification efficiency 

of DNA polymerase activity when no pre-reaction incubation is used, 
increasing the amplification cyde number resulted In an increase in amplified product, 
using ds-aconitylated Taq DNA polymerase, which was shown in Example 9 to require 
ncub'ation. 



increasng 
ncompletej reactivation 



Claims 



so 
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1 . A thermostable enzyme 
of the enemically modifr 
about 25°C results in no 
batlon of said chemically 
ature greater than aboij 
minutes. 



The chemically modifie^ 
polymerase activity or tw 



The chemically modjfie 
polymerase activity, ana 
group of genera consisting 



fhich is rsversibly inactivated by chemical modification, characterized in that an incubation 
_ thermostable enzyme in an aqueous buffer at alkaline pH at a temperature less than 
ignificant increase in enzyme activity in less than about 20 minutes, and wherein an incu- 
modified enzyme in an aqueous buffer, formulated to about pH 8-9 at 25° C, at a temper- 
50°C resuits in at least a cwo-foW increase in enzyme activity in less than about 20 



thermostable enzyme of claim 1. wherein said enzyme activity is thermostable DNA 
[fcrmostable ligase activity. 



thermostable enzyme of claim 1. wherein said enzyme activity is thermostable DNA 
wherein said thermostable DNA polymerase is derived from a species selected from the 
of Thermus aquaticus. Thermus thermophifus, and Thermotoga maritime. 
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The chemically modified the nestable enzyme of any one of claims 1 to 3, which is produced by a reaction of a 
mixture of a thermostable enzyme with a modifier reagent. 

I the 1 mostabie < 



5. The chemically modified 1 



mula: 



ro 



15 



mixture of a thermostable 'enzyme with a modifier reagent, wherein said reaction is carried out at alkaline pH at a 
temperature which is less than about 25°C wherein said reagent is a dicarbaxylic acid anhydride of the general for- 



i enzyme of any one of claims 1 to 3, which is produced by a reaction of a 



where R 1 and are hydrog 



x 

0 

or organic radicals, which may be linked, or of the general formula: 



25 



JO 



35 



40 



where R, and R? are organic 




radicals, which are preferably linked, and the hydrogen are cis and wherein said reac- 



6, 



Hon results in essentially complete inacth/ation cf enzyme activity. 

The chemically modified the\jmostable enzyme of any one of claims i to 3, which is produced by a reaction of a 
mixture of a thermostable enzyme with a modifier reagent wherein said modifier reagent is selected from the group 
consisting of maleic anhydride: exo-ciS A 3,6-erec*o-AMetrahydrcpthalic anhydride; citraconic anhydride; 3,4,5,6- 
tetrahydrophthalic anhydridejjeis-aconitic anhydride; and 2,3-dimethyimaieic anhydride. 

The chemically modified thermostable enzyme of any one of claims 1 to 6, which is produced by a reaction of a 
mixture of a thermostable erfcyme with a modifier reagent wherein said modifier reagent is in a greater than 20- 
fold molar excess over said thermostable enzyme. 



8. 



9. 



The chemically modified thermostable enzyme of any one of daims 1 to 7, which is produced by a reaction of a 
mixture of a thermostable enzyme with a moaifier reagent wherein said thermostable enzyme is a thermostable 
DNA polymerase derived from Thermus aquaticus and wherein said modifier reagent is citraconic anhydride. 

. j 

The chemically modified thei mostable enzyme of any one of claims 1 to 7, which is produced by a reaction of a 
mixture of a thermostable' et zyme with a modifier reagent, wherein said thermostable enzyme is a thermostable 
DNA polymerase derived from Thermus thermophHus and wherein said modifier reagent is cis-aconitic anhydride. 



10. A process for the preparati 
wherein said process comprl 
reaction is carried out at 
dicarboxyiic acid anhydride 



alkal 



sc 



' jn of a chemically modified thermostable en2yms which is reversibly inactivated, 
[ ;es reacting a mixture of a thermostable enzyme with a modifier reagent, wherein said 
ine pH at a temperature which is less than about 25 9 C, wherein said reagent is a 
the general formula: 



R 2 



where R, and Ro are hydrog 3n or organic radicals, which may be linked, or of the general formula: 
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H H 
0 

! *~ uk, r,«w~i and the hydrogen are cia and wherein said reac- 

~ JO ^ r*fiea& which are preferably Gnked, and tne nyarv^ 



11. Amett^tartheanplrffeawnofatarg 




. . ^ a ^i, ^orlmws: and_a chenically modified 

claimed in any one of cfcims 1 to 9. 
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Fig. 1 
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Amplification 



Primed: SK111/SK432 
Template: Puc E56, 30 copies 
Standards: <|>X174/Hae III 



Taq Taq,HS 



0>OOOQOOO 



(0 



♦Target 
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HIV Amplification 




—Target 



FIG. 3 
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HIV Amplification With AmpliTaq, HS 



Primersi SKH5/SK431 
Templafp: 100 copies 



CIS 



90x 



faconitic 



citraccnic 



180x 80x 160x 



12 6 3 0 12 6 3 0 12 6 3 0 12 6 3 0 




-•-Target 



1 2, 6, 3 or 3 minutes pre-aawaiicn at 95'C before 38 PCR cycles. 



FIG. 4 
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HIV Amplification With AmpliTaq, HS 



Primersj: SK145/SK431 
Template: 100 copies 



CIS 



90x cis 180x cit 80x cit 160x 



gO 60 4843 39 60 6048 43 396060 48 43 3960 60 48 4339 




£0=60 cycj es with a 12 minu:e, 80°C pre-incubation 
60=60 cyqes, no pre-incubation 
48=48 cycles, no pre-incubation 
43=43 cycles, no pre-incubation 
39=39 cycles, no preincubation 

FIG. 5 
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